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Introduction {#sec005}
============

BC is now the most frequently diagnosed female cancer around the world \[[@pone.0163030.ref001], [@pone.0163030.ref002]\]. Due to treatment advances, the 5-year survival rate of BC patients has being increased in the past decades \[[@pone.0163030.ref003]\]. However, if BC is diagnosed in late stage, the treatment is rather troublesome and prognosis is very bad \[[@pone.0163030.ref004]\]. Therefore, enormous efforts has been exerted on the development of diagnostic tools for early-stage BC. Until now, many BC screening methods have been invented to detect early BC. Breast self-examination, mammography, ultrasound, galactography, and exfoliative cytology are the commonly used techniques to screen early-stage BC \[[@pone.0163030.ref001]\]. Although these techniques have apparently improved the detection rate of early BC, there are some limitations of the above methods. For example, the early diagnosis benefit of mammography remains controversial in women younger than 50 years \[[@pone.0163030.ref005]\]; the false positive rate of mammography and ultrasound is too high to be tolerated \[[@pone.0163030.ref006]\]; breast self-examination cannot find impalpable BC \[[@pone.0163030.ref007]\]; galactography and exfoliative have low sensitivity in detecting BC \[[@pone.0163030.ref008], [@pone.0163030.ref009]\]. Hence, new methods are necessary for enhancing the screening efficiency of early BC.

Many studies have shown that BS could facilitate the diagnosis of early BC. BS, being secreted from the ductal and lobular epithelium of breast, contains higher concentrated proteins than serum and is only located in the ductal lumen in normal pathological conditions \[[@pone.0163030.ref010]\]. Under conditions of BC, excessive BS from the ductal lumen can be presented in various forms such as nipple discharge, effusions, and washout fluid \[[@pone.0163030.ref007]\]. Excessive BS is a common complaint of breast patients and reflects the breast microenvironment \[[@pone.0163030.ref011]\]. Compared with normal pathological conditions, specific components accumulate in the basement membrane-bound space of intraductal carcinoma until the continuity of the basement membrane is lost during stromal invasion \[[@pone.0163030.ref010]\]. Thus, many BS-based indexes were developed to improve the diagnosis of BC, especially early BC.

It has been reported that CA153 in BS has significant diagnostic value for BC. CA153, a transmembrane glycoprotein, was found as the first breast cancer-associated antigen in 1984 \[[@pone.0163030.ref012]\]. In 1996, Pinto MM etc. reported the levels of CA153 in BS from BC were higher than that from healthy controls \[[@pone.0163030.ref013]\]. Subsequently, it was first reported that CA153 in BS can differentiate malignant breast cancers from benign breast diseases and is a more valuable biomarker for diagnosing BC compared with mammography \[[@pone.0163030.ref014]\]. Later,many researchers also investigated the diagnostic role of CA153 in BS \[[@pone.0163030.ref010], [@pone.0163030.ref015]--[@pone.0163030.ref017]\].

To further confirm whether CA153 in BS can be used as a reliable diagnostic biomarker for BC, particularly early BC, we performed a meta-analysis by pooling related published studies. Our study results verified CA153 in BS has a moderate diagnostic value for BC and should be included into routine screening practices, on condition that our results are testified in a large-scale population study.

Methods {#sec006}
=======

Literature retrieving strategy {#sec007}
------------------------------

Relevant papers were obtained by searching the \"Title and Abstract\" field in the following databases: Pubmed, Embase, Scopus, Ovid, Sciverse, the Cochrane library, CBM, VIP, Wan Fang Data, and CNKI up to 10 May, 2016. The keywords for searching literature were: (1) mammary gland\* or breast\*; (2) cancer\* or tumo\* or carcinoma\* or neoplasm\*; (3) nipple\* or breast duct\*; (4) discharge\* or secretion\* or fluid\* or effusion\*; (5) cancer antigen 153 or carbohydrate antigen 153 or cancer associated antigen 153 or CA153. The search was not restricted by publication time or status except for human studies written in English. Furthermore, the references of included articles and related articles were manually skimmed to find out potential studies.

Eligible criteria for the included studies {#sec008}
------------------------------------------

Any related articles were carefully evaluated by two researchers (SFT and LLW) independently on the basis of titles and abstracts to screen potential qualified studies for further reading their full texts. Disagreement was resolved by full discussion to come consensus. If key data is deficient, We wrote to the authors to acquire the data. Every included study have to confirm to the criteria: (1) The diagnosis of BC was based on histopathological examination; (2) Corresponding control individuals were identified not to have BC or a history of any type of cancer; (3) Any sample from nipples were obtained before any treatment; (4) The CEA levels were determined in breast secretions; (5) The studies had values of sensitivity and specificity (or there was the possibility of deriving those values from the articles), and a specific cut-off value; (6) Only studies with more than 25 cases and matched controls were included. Any study was not included if it belonged to: (1) Review, case report, and meeting abstract; (2) repeat publications; (3) ineligible patients and controls; (4) a diagnosis not based on biopsy and/or absence of a definite cut-off value.

Data extraction {#sec009}
---------------

Eligible studies were reviewed by two researchers (SFT and YFS) respectively. The extracted data are: the first author, publication time, country, journal, sample size, features of patients and controls, index measuring methods, the cut-off value, and the data in a four-fold table. Any disagreement was solved by a full debate of all authors until a consensus was achieved.

Quality assessment {#sec010}
------------------

The quality of all studies was assessed independently by two investigators (SFT and FZ) with QUADAS-2 (Quality Assessment of Diagnostic Accuracy Studies 2). QUADAS-2 is a famous tool featured with four domains (patient selection, index test, reference standard, and flow and timing) that facilitate the measurement of bias risk and concerns about applicability (rating these parameters as \"high\", \"low\", and \"unclear\") \[[@pone.0163030.ref018]\].

Statistical analysis {#sec011}
--------------------

The STATA 12.0 and Meta-Disc statistical software were employed to analyze the data from the eligible papers \[[@pone.0163030.ref019]\]. The summary indexes were obtained from the raw data of each study. The pooled indexes were presented as forest plots. Furthermore, the studies' heterogeneity from the threshold effect was examined with the Spearman correlation analysis method. The non-threshold effect was measured with the Cochran-Q method and the test of inconsistency index (I^2^). A *P* value (≤ 0.05) and a I^2^ value (≥50)suggest the Non-threshold effect lead to the heterogeneity between these studies. If there is non-threshold effect, meta-regression was used to investigate the sources. As for publication bias, we analyzed the included studies with Begg\'s test and Egger\'s test. A low P value (≤ 0.05) was considered statistically significant.

Results {#sec012}
=======

Literature selection {#sec013}
--------------------

One hundred fifty-two papers were obtained by applying our literature searching strategy (database searching and hand retrieval). As displayed in [Fig 1A](#pone.0163030.g001){ref-type="fig"}, The screening process picked out 5 high-quality articles that confirmed to our inclusion criteria. Two of the authors were asked for experimental details of their study subjects. The authors responded.

![A literature screening flow diagram and quality assessment schematic diagram for the included articles.\
**(A)** A flow diagram of screening eligible studies. **(B)** Presentation of data quality evaluated with the QUADAS-2 tool, showing "risk of bias" and "concerns of applicability" of each eligible study (with risk of bias in the "flow and timing" domain).](pone.0163030.g001){#pone.0163030.g001}

Key study features {#sec014}
------------------

All eligible studies were published from 2005 to 2015 and contained 329 BC patients and 381 controls. All of our study characteristics are listed in [S1 Table](#pone.0163030.s002){ref-type="supplementary-material"}.

Quality evaluation {#sec015}
------------------

The qualified studies were assessed using the QUADAS-2. As seen in [Fig 1B](#pone.0163030.g001){ref-type="fig"}, the five eligible studies were of high quality in terms of most indicators, but a major bias was verified. The major bias was from the "flow and timing" domain since the definite interval and interventions between nipple discharge collection and operation treatment were not stated in most of these studies.

Heterogeneity analysis {#sec016}
----------------------

Heterogeneity analysis plays an essential role in exploring the factors that might interfere with the accuracy of diagnostic indices and in evaluating the pooling appropriateness of statistical indices of primary studies \[[@pone.0163030.ref018]\]. To verify whether there is heterogeneity of CA153 in our eligible studies, we firstly calculated the correlation coefficient and *P* value between the logit of sensitivity and the logit of 1-specificity by using the Spearman test to detect the threshold effect. The Spearman correlation coefficient and *P* value were -0.400 and 0.505 (\>0.05) respectively, showing that heterogeneity of CA153 caused by the threshold effect did not exist in the five studies. Because heterogeneity can derive from the non-threshold effect, we employed the inconsistency index (I^2^) to investigate the heterogeneity caused by the non-threshold effect. The value of I^2^ of all diagnostic indexes was greater than 50% (as seen in [Fig 2](#pone.0163030.g002){ref-type="fig"}), implying that there is heterogeneity resulted from the non-threshold effect in these studies.

![The summary diagnostic indices of CA153 in BS for BC diagnosis exhibited in forest plots.\
**(A)** sensitivity and specificity; **(B)** positive LR and negative LR; **(C)** DOR. These pooled indices indicate that CA153 in BS could be a useful indicator for the noninvasive diagnosis of BC. The individual index for each study is represented by circles, and the combined indices are shown as triangles.](pone.0163030.g002){#pone.0163030.g002}

Data analysis {#sec017}
-------------

Because only the non-threshold effect may lead to potential heterogeneity, the random effect model was used to assess the overall diagnostic performance of CA153 in BS for BC. For CA153, the summary indexes of these studies were presented in forest plots ([Fig 2](#pone.0163030.g002){ref-type="fig"}). The pooled sensitivity and specificity of CA153 were 0.63 (95% CI: 0.57∼0.68) and 0.82 (95% CI: 0.78∼0.86) respectively in diagnosing BC ([Fig 2A](#pone.0163030.g002){ref-type="fig"}). The pooled PLR and NLR were 3.56 (95% CI: 2.46∼5.15) and 0.43 (95% CI: 0.30∼0.63) respectively ([Fig 2B](#pone.0163030.g002){ref-type="fig"}). The total DOR ([Fig 2C](#pone.0163030.g002){ref-type="fig"}) and the area under SROC ([Fig 3](#pone.0163030.g003){ref-type="fig"}) were 9.18 (95% CI: 4.22∼19.95) and 86.14% respectively, indicating a moderate accuracy of nipple secretion CA153 in diagnosing BC.

![The overall diagnostic performance of CA153 in BS, shown by SROC.\
Each circle represents a study. The SROC curve is symmetric and the AUC is 0.8614, suggesting a moderate diagnostic accuracy for BC.](pone.0163030.g003){#pone.0163030.g003}

Meta-regression analysis {#sec018}
------------------------

As shown in [Fig 2](#pone.0163030.g002){ref-type="fig"}, the heterogeneity of these studies was caused by the non-threshold effect. To find the underlying causes, The meta-regression was used to reveal the influence of various study characteristics such as age, sample size, and histopathological type. Unexpectedly, no clues belonged to specific causal factors.

Publication bias {#sec019}
----------------

Publication bias exerts important effect on the accuracy of pooled diagnostic indexes. To investigate publication bias in this study, the Begg's funnel plot and Egger's test were used. Results demonstrated that there is not publication bias in this meta-analysis. The Egger's test displays funnel plot symmetry (P \> 0.05), and as shown in [Fig 4](#pone.0163030.g004){ref-type="fig"}, the Begg's funnel plot shows that this meta-analysis has no publication bias (*P* Egger\'s test = 0.805, 95% CI = --4.11∼4.69).

![Publication bias is exhibited with a funnel plot.\
Each point represents one study, and results demonstrate that publication bias does not exist.](pone.0163030.g004){#pone.0163030.g004}

Discussion {#sec020}
==========

CA153 is a more sensitive and specific biomarker for BC than CEA(cancer embryonic antigen) \[[@pone.0163030.ref020]\]. Serum CA153 is not a useful diagnostic biomarker for BC, especially early BC \[[@pone.0163030.ref014], [@pone.0163030.ref021]\], but CA153 in BS has been shown by many labs to be of significant value in diagnosing BC. To our knowledge, this study is the first systematic review of CA153 in BS as a diagnostic biomarker for BC since its potential was first found by Hilkens in 1984 \[[@pone.0163030.ref020]\]. This meta-analysis confirmed that CA153 in BS could be a valuable diagnostic index for BC and it had an AUC of 0.8614, with overall 63% (95% CI: 0.57∼0.68) sensitivity and 0.82 (95% CI: 0.78∼0.86) specificity, displaying its capability as a noninvasive screening biomarker for BC. AUC measures the total diagnostic performance, and the ideal value is infinitely approximate to 1 \[[@pone.0163030.ref022]\]. An AUC of 0.75∼0.92 is considered to be good according to the accuracy evaluation standard \[[@pone.0163030.ref022], [@pone.0163030.ref023]\]. In this study, an AUC value of 0.8614 strongly supported that CA153 in BS has a moderate diagnostic value for BC.

Meta-analysis is invariable accompanied by different degrees of heterogeneity \[[@pone.0163030.ref019]\]. In this meta-analysis, we first showed that there is no heterogeneity caused by the threshold effect. But, heterogeneity from the non-threshold effect exists. Then we analyzed the underlying sources of heterogeneity with the meta-regression method but found no significant factors, which may result from the relative small number of articles. Publication bias can also seriously distort conclusions of a meta-analysis if only studies with positive conclusions are obtained for a pooled analysis \[[@pone.0163030.ref024]\]. Luckily, publication bias does not exist in our meta-analysis in spite of a small number of papers.

CA153 in BS has many advantages as a diagnostic biomarker of BC. First of all, CA153 in BS could be a promising biomarker for the diagnosis of early BC. Although relevant studies are so few that the diagnostic role of BS CA153 for BC cannot supported by a meta-analysis, two studies demonstrated CA153 in BS can discriminate early BC from healthy controls, indicating its diagnostic value for early-stage BC \[[@pone.0163030.ref010], [@pone.0163030.ref014]\]. Second, the detection of CA153 in BS is safe and accessible. Mammography has been the leading approach for BC screening \[[@pone.0163030.ref025]\]. But, the achilles' heel of this technique is the risk of radiation-caused BC during mammography screening \[[@pone.0163030.ref026]\]. In contrast, measurement of CA153 in BS is noninvasive and safe expect for ductal lavage and fine needle aspiration \[[@pone.0163030.ref007]\]. Moreover, the relative low price of CA153 testing make it accessible to the public. As for mammography or MRI, the high price of these detection tools often makes patients unaffordable because of the need of expensive specific instruments, skillful technicians, and spacious working area \[[@pone.0163030.ref027], [@pone.0163030.ref028]\]. Thirdly, detection of CA153 in BS may be a useful auxiliary way in diagnosing BC. As the standard screening approach, mammography cannot find 10%∼40% BC \[[@pone.0163030.ref029]\]. Any serum indicator has not been found to aid in diagnosing BC \[[@pone.0163030.ref030]\]. Because of high concentrations in BS, the combination of mammography and detection of CA153 in BS should increase the positive rate of BC screening. Lastly, the levels of CA153 in breast secretions may be closely correlated with the stage of breast cancer and any treatment. In theory, the higher the stage of breast cancer, the higher the CA153 concentration in breast secretions; the levels of CA153 in breast secretions would be significantly decreased after accepting effective treatments. One of the 5 primary studies showed an opposite result that the levels of CA153 in breast secretions from invasive breast cancer are lower than that from DCIS \[[@pone.0163030.ref010]\], which might result from the blockage of breast ducts during the breast cancer expansion. However, whether the levels of CA153 in breast secretions respond to any clinical treatment has not been reported. This may be caused by the lack of breast secretions after clinical treatment. In a word, CA153 in BS is a good index suitable for screening BC and deserves exploring its diagnostic role for early-stage BC.

As every coin has two sides, there are some defects about this meta-analysis. Above all, the total sample size in this study is relative small, which could impose potential effect on our conclusions. Thus, more large studies are needed to confirm our findings. Furthermore, our conclusions may not be suitable for all kinds of BC subtypes. It is well known that heterogeneity is a prominent feature of BC \[[@pone.0163030.ref031]\]. This meta-analysis is on the basis of studies that did not identify the subtypes of BC because we did not find any literature suggesting specific sub-type of breast cancer while writing this meta-analysis. Moreover, the pooled sensitivity of 63% is low in this meta-analysis, which may be caused by the heterogeneous nature of BC \[[@pone.0163030.ref031]\]. Our previous study also showed that CEA in BS has a low sensitivity of 58% \[95% CI: 52%∼63%\] in diagnosing BC \[[@pone.0163030.ref032]\]. Parallel testing of CA153 and CEA in BS will improve the diagnostic efficiency of BC. Finally, there are some biases in this meta-analysis. The risk factors such as smoking and alcohol consumption might increase the levels of CA153 in breast secretions to lead false positive results. It is well-known that smoking, alcohol consumption or obesity increases the risk of breast cancer \[[@pone.0163030.ref033]--[@pone.0163030.ref036]\]. Moreover, alcohol can promote breast epithelial proliferation and breast cancer cell invasion \[[@pone.0163030.ref037], [@pone.0163030.ref038]\], indicating alcohol can promote breast cancer development. Although there is no evidence demonstrating that smoking or alcohol consumption increases the concentration of CA153 in breast secretions from healthy subjects, this may exist and lead to false positive results when compared with the cut-off value of CA153 in breast secretions calculated from the control group without smoking and alcohol consumption. Therefore, when encountering positive results in screening breast cancer with the test of CA153 in breast secretions, it is advisable that employment of other tools in series including mammography and clinical breast examination could effectively reduce the false positive results. In the long run, it is better to establish a specific cut-off value of CA153 in breast secretions for the population with smoking or alcohol consumption. In the \"flow and timing\" domain, only one of the five included studies described the design of \"flow and timing.\" In the experimental process, only three of these studies were done by double blind.

In short, our results has demonstrated that detection of CA153 in BS is of valuable diagnostic role for BC. If verified in a larger prospective study, CA153 in BS could be used to screen BC in the future.
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